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I. INTRODUCTION

_- This report describes the design principles, detailed circuit diagram,

and software for a multiple sample automated preconcentrator (MSAP). The

MSAP is designed to accept up to 12 samples of seawater. It can be

expanded to a 24-sample system without major modification of the circuit

design. The overall system includes sample bottles containing approxi-

mately 250 ml of seawater that flows through a chromatographic cartridge

which extracts dissolved transition and heavy metals. The metals that are

loaded on the cartridge are eluted with about 7 ml of a 2 N HCl-0.1 N

HNO 3 mixture. The acid medium with the metals is injected into a

graphite furnace for analysis. Nearly all components of the flow system

are constructed of Teflon to avoid contamination. Provisions are made to

wash the extraction cartridge at appropriate times and to precondition it

between samples. Fluid flow through the system is controlled by nitrogen

gas pressure at 5-15 psi using a series of two-way and three-way solenoid

valves that are controlled by a CBM 4016 microcomputer.

The system will be described in terms of a typical operation cycle.

The system consists of 12 sample modules, three types of cartridge elution

media, and the nitrogen pressure system. Ofjiire 1 illustrates the coniig-

uration with three of the twelve sample modules. Table I provides a list

of all solenoid control valves in the system, indicating the type of valve,

a descriptive name, and its function. The status of valves in module #1

will be used as an example in the following steps.

A. Seawater Loading: The seawater from each bottle is forced through a

filter, .then through a cartridge by energizing the solenoid valve VLO to

pass a pressurized nitrogen gas (normally between 5 to 15 psi). In t.
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Table 1. Names, types and functions of ialves.

Valve Type a Function Name

VLO 2 Supply N2 pressure to entire system Master 142
VL1 2 Off-on control of Milli-Q wash eluent Milli-Q
VL2 2 Off-on control of Buffer wash eluent Buffer
VL4 3 Fill Acid Measuring Reservoir (AMR) AMR

or deliver acid in AMR to cartridge
VL5 3 Select ventilation for AMR filling or AMR N2

N2 for acid elution
VL6 3 Select AMR for acid elution or acid Acid E/W

bottle for acid wash
VL7 3 Apply N2 pressure to sample manifold Sample N2
VL8 3 Direct effluent to either waste or Effluent 1

collection for module #1
VL9 3 Direct effluent to either waste or Effluent 2

collection for module #2
VLO 3 Direct effluent to either waste or Effluent 3

collection for module #3
VLII 3 Direct effluent to either waste or Effluent 4

collection for module #4
VL12 3 Direct effluent to either waste or Effluent 5

collection for module #5
VL13 3 Direct effluent to either waste or Effluent 6

collection for module #6
VL14 3 Direct effluent to either waste or Effluent 7

collection for module #7
VL15 3 Direct effluent to either waste or Effluent 8

collection for module #8
VL16 3 Direct effluent to either waste or Effluent 9

collection for module #9
VL17 3 Direct effluent to either waste or Effluent 10

collection for module #10
VLI8 3 Direct effluent to either waste or Effluent 11

collection for module #11
VL19 3 Direct effluent to either waste or Effluent 12

collection for module #12
VL20 3 Select Milii-Q, buffer, or acid as Eluent 1

eluent for module #1
VL21 3 Select Milli-Q, buffer, or acid as Eluent 2

eluent for module #2
VL22 3 Select Milli-Q, buffer, or acid as Eluent 3

eluent for module #3
VL23 3 Select Milli-Q, buffer, or acid as Eluent 4

eluent for module #4
VL24 3 Select Milli-Q, buffer, or acid as Eluent 5

eluent for module #5

aTwo-way valve (2) or three-way valve (3) or two-way valve with fast

wash out (21W)

n . .~ . .. '. - . e .. . .Pm -,, dd.t m '='.'~ "-,
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Table 1. continued.

Valve Type Function Name

VL25 3 Select Milli-Q, buffer, or acid as Eluent 6
eluent for module #6

VL26 3 Select Milli-Q, buffer, or acid as Eluent 7
eluent for module #7

VL27 3 Select Milli-Q, buffer, or acid as Eluent 8
eluent for module #8

VL28 3 Select Milli-Q, buffer, or acid as Eluent 9
eluent for module #9

VL29 3 Select ltilli-Q, buffer, or acid as Eluent 10
eluent for module #10

VL30 3 Select Milli-Q, buffer, or acid as Eluent 11
eluent for module #11

VL31 3 Select Hilli-Q, buffer, or acid as Eluent 12
eluent for module #12

VL32 2FW Select either sample or eluent as Influent 1
cartridge influent for module #1

VL33 2FW Select either sample of eluent as Influent 2
cartridge influent for module #2

VL34 2FW Select either sample of eluent as Influent 3
cartridge influent for module #3

VL35 2FW Select either sample of elueut as Influent 4
cartridge influent for module #4

VL36 2FW Select either sample of eluent as Influent 5
cartridge influent for module #5

VL37 2FW Select either sample of eluent as Influent 6
cartridge influent for module #6

VL38 2FW Select either sample of eluent as Influent 7
cartridge influent for module #7

VL39 2FW Select either sample of eluent as Influent 8
cartridge influent for module #8

VL40 2FW Select either sample of eluent as Influent 9
cartridge influent for module #9

VL41 2FW Select either sample of eluent as Influent 10
cartridge influent for module #10

VL42 2FW Select either sample of eluent as Influent 11
cartridge influent for module #11

VL43 2FW Select either sample of eluent as Influent 12
cartridge influent for module #12

VL44 2 Off-on control of waste for module Waste 1-6
#1-#6

VL45 2 Off-on control of waste for module Waste 7-12
#7-#12
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module #1 VL32 is set to connect the filter and the cartridge. VL8 is

directed to waste. The corresponding valves of the other sample modules

are in a similar configuration.

The cartridge contains 8-hydroxyquinoline that is chemically bonded to

silica gel. The chemically bonded 8-hydroxyquinoline forms complexes with

trace metals and retains them in the cartridge. The 12 sample bottles are

arranged in two rows of six. One filter, one cartridge and three valves

(e.g., valves VL8, 20 and 32 for sample 1) form the basic module for each

sample. Six of these modules are arranged in a row. The waste water

coming out of a row are combined and connected to a two-way valve (Figure

2, one of the VL44 and VL46). All of the waste water is combined into one

stream. Nitrogen gas is forced into the waste stream. .If the seawater

loading is finished, the tubing downstream of the nitrogen inlet will be

empty. Otherwise, small segments of seawater will keep flowing out of the

tubing. An optical sensor is mounted on the tubing to detect seawater.

After the seawater stops coming out for a period of time (ca. 30 sec.), the

loading process is finished and the control goes to the next step.

Before the seawater loading begins, there may be some air trapped in

the tubing between filter and sample bottle. The air may slow down or

completely stop the seawater loading. This situation is avoided by filling

each sampling tube with Milli-Q (MQ) water (open VL7 to ventilation; open

VLI; close VL8 and VL44; connect VL20 to the filter via VL32; select

M1lli-Q with VL20).

B. MQ Wash: After the seawater is loaded, the cartridges are washed with

MQ-water to remove salts by turning on the valve VL, connecting VL20 to

the cartridge via VL32 and selecting ?.Q with VL20.
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C. Acid Elution: A fixed amount of acid is passed through each selected

cartridge to elute trace metals from the cartridge. The elution Is per-

formed sequentially to process all selected cartridges. Each of the valves

(VL8-VL19) has been turned to the collect position just before the acid

elution for the selected cartridge begins. The fixed volume of acid is

obtained by filling an acid measuring reservoir (Figure 3) (VL4 energized

and VL5 de-energized).

The acid sensor is an optical sensor which is used to make sure that

the reservoir is filled. A short time delay (ca. 0.5 sec) between the

beginning of the filling and the activation of the sensor will avoid possi-

ble erratic signals produced by the acid residue in the tubing on which the

sensor is mounted. After the reservoir is filled, VL5 is energized and VL4

is de-energized to force acid out of the reservoir with nitrogen pressure.

Each of the valves (VL20-VIA7) is turned to a proper position for the acid

elution of a specific cartridge (e.g., for the acid elution of Cartridge 1,

VL20 and VL32 are energized and others are de-energized).

D. Acid-Wash: Trace metal residues on the cartridges are washed with

acid. This is performed by turning on the valve VL6 (Figure 3) for a fixed

period of tins (VL20 and 32 are energized).

E. MQ-Wash: The cartridges are then washed with MQ-ater.

F. Buffer/MQ Wash: The cartridges are washed with NaHCO3 or MQ to be

ready for the next set of seawater samples by turning on the valve VL1 or

VL2, respectively (VL20 is de-energized and VL32 is energized).

' " / '' ,:, ,,'0 ":'"':.'-''';.'" '.''-."-''.-'''."- '"" " ..:-;". .-' "-.-:.-- -... .. .- -- . . .
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II. CIRCUIT EESIGN

The HSAP is to be controlled by a Commodore Business Machines (CBM)

16K or 32K microcomputer through its IEEE-488 interface. The controlling

program is written in BASIC. The MSAP should be able to be controlled by

other computers with an appropriate interface. Slight modifications to the

program may be necessary.

The IEEE-488 primary address is assigned to be 6. It can be changed

by changing the address selection jumpers on the MSAP interface board. To

control the valves using the CBH computer, first open a logical file with a

primary address and a secondary address. For example, the statement OPEN

1,6,0 specifies that'logical file 1 is to be opened, the device 6 is to be

addressed, and a secondary address (SCG 00) will be issued. The statement

PRINT#ICHR$(255) sends a data 255 to the secondary address 0 of device 6.

To read status inforulation from the MSAP, one can use the GET# statement.

A. Control of the IEEE-488 Bus: Chapters 3, 4, and 5 of the book PET and

the IEEE 488 Bus (GPIB) provide information on hardware, sample bus trans-

actions, and timing sequences. As shown in Table 5-3 of the reference

book (page 84), when the statements OPEN 5,5,2 and PRINT#5,"TEST", the

computer lowers the Attention Line (ATN), places a byte 2516 (for primary

address 5) on the data bus and lowers the data valid line (DAV) momentar-

ily, then places a byte 6216 (for secondary address 02) and lowers the

DAV line.

It Is the responsibility of each of the devices connected to the

general purpose interface bus (GPIB) to decode this address information to

see if it is selected. If the device is selected, it should be ready to

accept the information sent out by the computer. Each data byte sent to a
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secondary address of the MSAP is stored in a D-type flip-flop chip

(74LS374). There are maximum of 15 secondary addresses corresponding to

120 data ports or solengid valves (15 x 8 bits each). At the present time,

45 valves are required to control a 12 sample system. The design can be

extended to a 24 sample system without major modification of the circuit

design.

Figure 4 shows the interface circuit diagram for the control and data

signals. If the computer is powered up, the interface clear signal (IFC)

goes low for a moment. This results in a momentarily low signal on CLRSYS

which is used to bring all valves to their initial deenergized states. A

power up clear for the MSAP controller is also implemented by using an RC

circuit (R1,C1) to generate an initially low signal on the CLRSYS line. An

override switch SWi can also be used to generate a low signal on CLRSYS.

The interface circuit of the HSAP controller responds very quickly (all

information can be accepted within 400 ns after the falling edge of the DAV

signal). Therefore, the HSAP controller can tell the computer that it is

ready for data at any time. This is achieved by sending the Not Ready For

Data (NRFD) signal to the computer using the DAV signal; in other words,

when the computer raises its DAV signal to a high level to prepare sending

the following byte, the MSAP controller sends a high NRFD signal to tell

the computer that it is ready to accept another byte. The Not Data

ACcepted (NDAC) signal sent from the HSAP controller is the inverted DAV

signal. As soon as the computer lowers its DAV signal (to tell all devices

that the data are valid), the MSAP controller sends a high level signal on

NDAC line to tell the computer that the data is accepted.

Let's suppose that the statements "OPEN 1,6,0" and "PRINT#1,CHRS(255)"

are to be executed: Two bytes, 2616 (primary address) and 6016

~ ':-.:-~: ~:--~-~.-;~.- - .'. - -- - - -
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(secondary address), will be placed on the GPIB before the data (255) is

sent. In order to distinguish which byte is being sent, a shift register

(74LS95,DP) is used (Figure 5). This is done by loading the shift register

with data 11102 when the ATN line goes low. od-Qa becomes 11102.

The shift register is clocked by the DAVi(data valid, input) signal. For

example, right after the primary address is placed on the GPIB, the DAV

line goes low to tell all devices that the data signals are correct. The

DAVi (similar to DAV) signal clocks the shift register so that the

outputs Qd-Qa - 11012. A low on the output Qb is used to identify

the primary address being sent when the DAV signal is low. When the

computer sends the secondary addrhis, the DAVi signal clocks the shift

register again and the output of the shift register becomes 10112. A low

on the output Qc is used to signify that a secondary address is beipg

sent when the DAV is low. The output Qd is to identify the first data

byte of the PRINT statement.

The primary address data is compared with 2616. If they are the

same, the data input of 74LS74,EP is high. This high input is then clocked

and stored in the chip and the inverting Q output (the listening device

select LDS) signal becomes low. The D-type flip-flop 74LS273,BP can store

the secondary address information. The least significant three bits of the

secondary address is decoded with a chip 74LS138,CR (a 3 to 8 line decoder)

to generate 8 listening secondary device select (LSDS). One and only one

of the eight outputs of 74LS138 can be low. When the computer sends the

first data byte of the PRINT statement, the data are stored in the

corresponding 74LS374 chip (Figure 6) depending on which output of the

decoder chip is true (which secondary address has been selected). Each

clock input signal to the chips 7---.. 1 gated with the LDS signal so

L -.. ".... .-..
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that only when the computer writes information to the MSAP will one of the

74LS374 chips be clocked.

At the end of the PRINT statement, the computer lowers the ATN line

and sends a universal unlisten (ULN) signal (3F1 6 ) to the data bus of

GPIB (page 84 of the reference book), the LDS signal (Figure 5) becomes

high (listening device is not selected) because the data 3F 1 6 are not

equal to the data 2616 which is the primary address byte for the HSAP.

When a "CLOSE" statement is executed, the computer lowers the ATN line

and sends 2616 as the primary address and E016 (when using OPEN 1,6,0

statement) as the secondary address (page 70 of the reference book). The

2616 data bring the LDS signal low. The higher 4 bits of the secondary

address data byte (in this case, it is E16 ) are compared with E16 . If

they match, an active CLEAR signal is generated to bring the LDS signal

high, and this prevents writing of data to the 74LS374 chips.

To read data from the MSAP, first open a logical file with a secondary

address (e.g., OPEN 1,6,0), and then use the GET# statement to read data.

Table 5-11 of the reference book (page 120) shows the bus transaction

for the GET# statement. When the computer sends the data 4616 on the

GPIB bus as the primary address, the data input of the chip 74LS74 (Figure

7) becomes high and the Q output (Talking Device Select TDS) becomes low.

The secondary address information 6016 is stored in the D flip-flop chip

74LS273,GT. The 74LS138,ET chip is used to select the proper output of the

talking secondary device select(TSDS).

After this point, it is the responsibility of the talking device to

control the data bus. The HSAP places the data on the bus after the ATN

line goes high (Figure 8). The MSAP also raises the DAV line until a high

level signal of the NRFD is detected (until the computer says ready to
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receive data). When the computer tells the MSAP that the data are accepted

(NDAC signal goes high), the MSAP raises the DAV line and releases the

control on the data and control bus to other devices (e.g., the computer).

The optical sensors (Figures 2, 3 and 9) detect seawater or acid in

the Teflon tubing. If liquid is in the tubing at the position of sensor,

the voltage level is above 3.4 V; otherwise, it is below 0.6 V. The

informations provided by the sensors can be read by the computer using the

GET# statement. These informations can be used to control the operation of

the MSAP. For example, during the seawater loading process the computer

can read the status of the seawater sensor and can go into the next step as

soon as the seawater loading step is 'finished.

Figure 9 shows the circuit for driving a solenoid valve manufactured

by General Valve Corp. These valves have a rating of 12 V and 0.21 A and

they require a minimum of 3 V to hold. A resistor and a capacitor is added

to the circuit to provide enough power to initially energize a solenoid

valve and to cut down the power for long period of operation (current is

cut down to about 0.08 A). A 7407 driver gate can handle 0.04 A. Although

it is not a good practice to tie three drivers together, it is more

economical to use the 7407 than most transistors which can do the job, and

the 7407 driver provides better noise rejection than most transistors. The

circuit has been tested for more than one million operations (On-Off)

without any failure (a resistor consuming the same current was used instead

of a solenoid valve for the testing). Detailed descriptions of the

physical locations of the chips and the signals on connectors can be found

in Appendices A and B.



III. SOFTWARE ]ESIGN

A program "MSAP;8/83" has been written to control the MSAP. After

execution of the program, all valves are restored to their initial states

(all valves should be in their de-energized initial states when powered

up). The operator can select 4 modes of operation:

a. To process sample.

b. To fill the tubing between the filter and the sample bottle with MQ

water.

c. To manually control valves with keyboard.

d. To de-energize all valves.

When the first mode is selected, the operator can enter the timing

parameters for each step from a disk file or manually. 'A set of default

values are provided when the parameters will be entered manually. The

operator can then change any parameters and/or save the parameters to a

disk file. A few questions will be asked to remind the operator for

preparing the preconcentration. The operator can choose any combination of

the 12 channels to process samples. The program will output the status of

processing to the screen and warn the operator when a few unexpected things

happened (such as not finished seawater loading or nitric acid filling

after a certain amount of time).

The subroutine addresses, the assignment of the order of valves in an

array and the program listing can be found in Appendices C, D and E.
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APPENDIX B

PIN ASSIGNMENT OF CONNECTORS

CONNECTOR #1 CONNECTOR #2 CONNECTOR #3
(TO COMPUTER) (TO VALVES AND (TO VALVES AND

SENSORS) SENSORS)

PIN FUNCTION PIN FUNCTION PIN FUNCTION

1 DI01 1,2 VLO 1,2 VL24

2 D102 3,4 VL1 3,4 VL25

3 D103 5,6 VL2 5,6 VL26
4 D104 7,8 AMR EMPTY 7,8 VL27

E+ , E-

5 NOT USED 9,10 VL4 9,10 VL28
6 DAV 11,12 VL5 11,12 VL29
7 NRFD 13,14. VL6 13,14 VL30
8 NDAC 15,16 VL7 15,16 VL31
9 IFC 18,19 VL8 18,19 VL32
10 NOT USED 20,21 VL9 20,21 VL33
11 ATN 22,23 VL1o -22,23 VL34
12 NOT USED 24,25 VL11 24,25 VL35
13 DI05 26,27 VL12 26,27 VL36
14 D106 28,29 VL13 28,29 VL37

15 DI07 30,31 VL14 30,31 VL38
16 DI08 32,33 VL15 32,33 VL39
17 NOT USED 34,35 VL16 34,35 VL40
18 GND 36,37 VL17 36,37 VL41
19 GND 38,39 VL18 38,39 VL42

20 GND 40,41 VL19 40,41 VL43
21 GND 42,43 VL20 42,43 VL44
22 GND 44,45 VL21 44,45 VL45
23 GND 46,47 VL22 46,47 AMR FULL

E+, E-
24 GND 48,49 VL23 48,49 AMR FULL

D+, D-
17,50 AMR EMPTY 17,50 NOT USED

D+, D-

CONNECTOR #4
(TO SEAWATER SENSOR)

PIN FUNCTION

1,2 SEAWATER SENSOR
E, E-

3,4 SEAWATER SENSOR
D+ , D-

I I .4.. . * ..-. . . •. . . .. .. 4-• + ... . . . .



24

APPENDIX C

DESCRIPTION OF MSAP SOFTWARE PARAMETERS

TO CONTPROL MSAPt FIRST SPECIFY THE CONTENT OF CO(I) AND SPECIFY
* THE SECONDARY ADDRESS (E.G. SA=O) THEN GOSUB 15000

1:ENERGIZE A VALVE; O:DEENERGIZE A VALVE
* ALL TWO WAY VALVES ARE NORMALLY CLOSED.- VALVE TYPE 2FW SPECIFIES A

TWO HAT VALVE WITH FAST WASHOUT FEATURE.

HR VALVE TYPE ARRAY PURPOSE
SAxO 2 CO(O) NITROGEN GAS

2 COO1) MQ
2 CO(2) BUFFER
X COO3) CLEAR SEAWATER SENSOR
3 CO(4 O:RESERVOIR TO CARTRIDGE

1 :ACID BOTTLE TO RESERVOIR
3 CO(S O:RESERVOIR TO NITROGEN

1 :RESERVOIR TO HASTE
3 COW6 0:MANIFOLD TO ACID MEASURING RESERVOIR

1 :MANIFOLD TO ACID BOTTLE
3 CO(7 O:SAMPLE BOTTLE TO VENTILATION

1:SEAWATER TO NITROGEN

HR VALVE TYPE CARTRIDGE # ARRAY PURPOSE
SAul 3 1 CO(8 0: TO WASTE; 1: TO COLLECT

*3 2 CO(9 SAME
3 3 CO(1o) SAME
3 4 CO(11) SAME
3 5 CO(12) SAME
3 6 CO(13) SAME
3 T CO(14) SAME
3 8 CO(15) SAME

SAx2 3 9 CO(16) SAME
3 10 COOT7) SAME
3 11 CO(18) SAME
3 12 CO(49) SAME
3 1 CO(20) O:CARTRIDGE TO MQ/BUFFER

1:CARTRIDGE TO ACID
3 2 CO(21) SAME
3 3 CO(22) SAME
3 4 CO(23) SAME

5A33 5 CO(24) SAME
3 6 CO(25) SAME
3 7 CO(26) SAME
3 8 CO(27) SAME
3 9 CO(28) SAME
3 10 CO(29) SAME
3 11 CO(30) SAME
3 12 CO(31) SAME
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WR VALVE TYPE CARTRIDGE # ARRAY PURPOSE
SA4 2FW 1 CO(32) O:SEAWATER TO CARTRIDGE

1 :ACID/MQ/BUFFER TO CARTRIDGE OR
MQ TO SAMPLING TUBE

2FW 2 CO(33) SAME
2FW 3 CO(34) SAME
2FW 4 CO(35) SAME
2FW 5 CO(36) SAME.
2FW 6 CO(37) SAME
2FW 7 CO(38) SAME
2FW 8 CO(39) SAME

SAs5 2FW 9 CO(40) SAME
2FW 10 CO( I1) SAME
2FW 11 CO(L42) SAME
2FW 12 CO(43) SAME
2 CO(44) WASTE FOR SAMPLE # 1-6
2 CO(45) WASTE FOR SAMPLE # 7-12

CO(46) NOT USED
CO(17) NOT USED

TOTAL # OF VALVES OF 3-WAY: 28, OF 2-WAY: 17

RD BIT INFORMATION
SAzO 0 CONDUCTIVITY SENSOR; O:HAD BEING CONDUCTING

1 AMR FULL; O:ACID IN THE TUBING
2 CONDUCTIVITY SENSOR; O:CONDUCTING
3 AMR EMPTY; O:ACID IN THE TUBING
4 SEAWATER SENSOR; O:SEAWATER IN THE TUBING
5 NOT USED
6 NOT USED
7 NOT USED

" ,' " , ".- i.;, . .. .,.'.. / :?. ." -.. .. .• . . -- -"- •' - i ."'A- ., l . . . i ' " . . . " " "-- -u, : " ' •" ' :,' ; ; -, ;/ .: '
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APPENDIX D

SUBROUTINE ADDRESS PURPOSE
2000 SEAWATER LOADING
3000 MQ WASH
4000 ACID ELUTION
5000 ACID WASH
6000 MQ-WASH BEFORE BUFFER
7000 BUFFER OR MQ WASH
9000 INPUT SAMPLE #
10000 ENTER PARAMETERS MANUALLY
11000 INPUT PARAMETERS FROM DISK
12000 DEFINITIONS OF STRINGS AND VARIABLES
13000 SAVE PARAMETERS TO DISK
14000 LOAD PARAMETERS FROM DISK
15000 WRITE CONTROL SIGNALS TO TMPC
16000 DEENERGIZE ALL VALVES AND RESET TIMER
17000 PRINT TIME LEFT
17500 CLEAR PREVIOUS TIMING PRINTING
18000 READING STATUS BYTE
18500 CONVERTS STATUS BYTE TO INDIVIDUAL BITS
19000 CONTROL INDIVIDUAL VALVE WITH KEYBOARD
21000 FILL FILTER AND TUBING TO SAMPLE BOTTLE WITH MQ

STRING OR VARIABLE NAME SUBJECT
DIM SM(12) SAMPLE #

TT TOTAL TIME
TL TIME LEFT
51 NUMBER OF SAMPLE USED

STRING CONTENTS VARIABLE FOR THE TIMING
A1$(1) LOADING Al(I)
A15(2) MQ WASH A1(2)
A15(3) ACID ELUTION A1(3)
A15(4) A*ID WASH AlCI)
Al(5) MW WASH BEFORE BUFFER AI(M)
AI$(6) BUYFER WASH A1(6)
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APPENDIX E

10 PRINT"
28 PRINT"91SAP ;1/1/83"
25 PRINT"REV 6/30/83, 8/5/83"
36 PRINT"THIS PROGRAM CONTROLS THE TRACE"

*48 PRIHTuMETAL PRECOt4CENTRATOR,"
56 PRINT"OUTPUTS THE STATUS OF PROCESS"
68 PRINT"TO SCREEN."

*78 6091.3 12888: REM STR IH NOFARAMETER DEF
8e O0OSUB 16080:REM DEENERGIZE VALVES 614D RESET TIMER
81 PRINTO:PRINT"l. PROCESS SAMPLES"
82 PRIHT2. FILL FILTER AND TUVING TO $f*IPLE":PRINT"1 BOTTLE WITH MG WATER"u
83 PRIHT"3. CONTROL INDIVIDUAIL VALVE WITH KEYBOARD?"
84 PRINT".4U DEENERGIZE ALL VALVES"l
85 INPUT 1
86 ON I GOTO 90208 9M U
87 SOTO 81
88 GOSIJR 168M :GOTO 81
96 PRIHT'" :PRINT"ENTER TIMI1NG PARAIMETERS MAN4UALLY?"
166 INPUT A$
116 IF LEFT($1)="N" GOTO 140
126 60913 16888
136 COTO 158
140 GOSUB 1iBSOREM PARM FROM DISK
158D FOR I-i TO SH:SM(I~nl:NEXT I
168 PRINTU N:PRINT"SAMPLES ON POSITION?"

* 176 IHPUTR$
198 IF LEFTS(RS,1)O>"N* SOTO 288
196 GoTO 168

* 286 PRINT3 n:PRINT"M,PLJFER,FACID FILLED?>"
218 INPUTAS
228 IF LEFT$(RS,1>0ON" GOTO 2480
238 GOTO 280
248 PRINT" N:PRINfl"NITROGEN ON AND BELOW 28 PSI?"
258 INPUTR$
266 IF LEFT$(R$,1)="Vl GOTO 288
278 GOTO 240
296 PRINTO N:PRINT"R.LL SAMPLE POSITIONS USECD?u
296 INPUTA$
30 IF LEFT(A1)0*" GOTO 348
318 FOR I-i TO 12:SM(I~nl:NEXT 1
328 S1=12
339 GTO 368
340 PRINT" N:PRfl4TIIpLEAS ANSWER Y/N"
3560OW9M66
36 PRINT"1 N:PRINT"READV TO START?"
378 INPUT AS
399 IF LEFTS(RS.)OV"Y GOTO 368
3998 FOR I-i TO 6:D1(I)A1(I):NEXT
400 11(3)-S1'I'A(3)
416 TI~nSNM666":REM INIT TIMER
428 TR1(1)+1(2)+Sl*A1(3)+A1(4)+A1(5)+Al(C):REM TOTAL TIME REQUIRED
439 TL=T:Rp TIME LEFT
440 PRINT?
450 PRINT" "&:PRINTTA(27);A$(4):.RINT*'
4" FOR Jul TO 7
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470 PRINTA1$(I -PRINT"' ':NEXT I
41* GOSUB 2M:8REM LOADING
4980 GOSUR 386: REf Mg WMH
580 OSUD 4M8:REM ACID ELUTION
510 GOSUD 5006: REM ACID MASH
W20 GO5UB 6868: REM MG BEFORE BUFFER
530 0051.1 786: REM BUFFER OR MG WASH
540 PRINTN I":PRINTflALL DONE
541 FOR I-i TO 5:PRINT-7;alR$(7);CHR$(15):FDR N-i TO l60:NEXT HNEXT I
558 GOSU 16888: REM REENGERIZE VALVES AND RESET TIMER
5N8 PRINT :PRINT"NEXT DRTCH'?
578 INPUT A$
588 IF LEFT$(R$, 1)m"Y GOTO 6&W
55% END
688 PRINT" K:pRINT TJ(24); "MINUTES"
681 FOR Iml TO 6:FRINTR1$(I);TAD(24);SPC(2);A1(I):NEXT I
682 PRINTO N:PRINTA2$(A2); SPC( 1); R25(3)
685 PRINT"G H:PRINTONEW PRRAMETERS?"
618 INPUT AS
620 IF LEFT$(R*D)wmY" GOTO 80
630 0051.93 16868:REM I)EENERGIZE VALVES AND RESET TIMHER
640 GOTO 160
26M REM ***
2810 REM LOADING
2626 TI-TI
2M8 CO(B)mIn:FOR Ia1 TO 47:C9(l)40:NEXT I
2035 C5(44)mj :C(45)ml
2046 GOSUB 15568
200 PRINT7?
200 Jml:GOSU 1789
2870 IF T3<S GOTO 22M8
2M8 C=S

2168 S~m:00SU 186M
2119 IF D1 (2)0 668O 2 P: EM MATER BETWEEN SENSOR
2126 C.C. 1
2136 Dnm3.1
2146 IF DCIS GOTO 2168
2158 IF C06 GOTO 2199
2166 Jml:GOB 1798
2176 IF T3<S GOTO 2238
2186 GOTO 2696
2196 PRINT*N
229 GOSJB 17198
2210 PRINT0T7
2226 8T0 2339
2230 PRtIITO(7);lLORING TIME RUN OUT; T%'PE SCE TO CONTINUE"; CHRS(15); 1.,
2256 Co 337
2279 IF Ill(2)4f THEN Cm*
2266 OET A
22960 IF mAWCO GOTO 2329
2390 C=C.1
231. IF C<6S GTO 2266
2326 PRINTCHR(15); 3'%VTl
2339 Jo1:TLaTL-B(J)
2340 RETURtN
3698 REM **M

368M C(<0)01:CS(1)ml:FOR 1-2 TO 31:C9(I)n8:NEXT I
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3107% FOR I=32 TO 47:C@ I)m1:NEXT I
3036 C69(44)-1 :CS0(45)u1
30" 00GB 15M6
3045 TI-TI
3M5 PRINT5 :?
3868 Ju2:00OJD 17988
3878 IF T3>) GOTO 38M
3871 C()1:FOla I- TO 4?:CB(I)nS:NEXT I
3872 Oa 1558

*3896 TL=TL-P1(J)
398 RETURN
4088 REM1 -0

*40 RE" ACID ELUITION
402M C9<S)w:FOR 1-1 TO 47: Dm8)=:INXT I
4Q25 CS(44)mj :CO(45).j
46M PRINT.O
4040 GoaD 15ow
460 PRINT"'?
4"0 FOR 15-1 TO 12
4078 IF 91(15)4S OOTO 4356

409 Mg0:G-nGU 1566:REN FILL UP AKID PERSURING RESERVOIR
4100 Ti-TI
4165 Jw3:.mUR 1708S.1k14OOSUD 4588
4110 T2-TI
4129 IF T2-Tl<6S GOTO 4118
4136 72.11
4140 IF T2-TI>AI(3)*3668 GOTO 4336
4145 IF T2-Tl>196 GOTO 4336
4150 S~w:O6S 1686
4160 IF Ill(1)=9 0010 4196
4178 J=3:00SU 17868
4175 Mn:0O~9I 4588

*4186 0010 4138
4198 CO(4)9:40:80L3 15M8:REI RESERVOIR TO CARTRIDGE
42110 CO(15+7)-1 :C(1519)n1:CO(I5+.31)ml :(Z(5)4O:G9LJD 15508
4220 REM CRRTRIGE TO COLLECT# TO ACID, NITROGEN TO RESERVOIR
4238 T5w71 :REII STARTING TIMING ELUTION
4240 J=3: 0081.1 17888
4245 " -: GOSUB 4566
4250 S9: OSUD 1886
4255 IF D1(3)n1 GOTO 426:REH AMR EMPTY
4256 GOTO 4248
4268 TE-TI
4265 T20TI:IF (T2-TE)/(TE-T5)>a6.1 GOTO 4286
4276 GOTO 4265
428 CS(15.7)4S: C8(15.19)S: Cr( 15+31)4S
4299 FOR SAwl TO 5:0051.1 1508: NXT SA:REPI CARTR IDGE TO WASTE, TO IQ/DFFER
4368 TL=TL-Rl(3) :31(3)=B1(3)-R1 (3)

-l 4310ONEXT 15
4320 0010 4355
4338 PRIHTWID FILLING PROBLEM ON *;5C~(5;T
43 FOR IlI TO 1S:PRINTCHR$(7);"a;C R$(15>
4340 FOR 12-1 TO 56:HE)(T 12:NEXT Il
4345 TLmTL-Al(3) :D1(3)D1l(3)-A1(3)
4347 C9(4):C(5)m:S8:OSLD 15666
4356 NEXT I5
4355 N-I :00815 4506
4357 C8(8)m1:FOR I-i TO 4?:CO(I)mS:NEXT 1:00SUB1 15586
4360 RETURN
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4568 Ji3:J~In7-J
4518 FOR 1=1 TO J1:PRIHT*TT?:EXT 1
4515 IF Mali GOTO 4525
4526 PRINT167; minsmnm mm 5 H$13
4521 GOTO 4530
4525 PRIHT".7;w0b68Si3SSW1SW; U "CHR$ (15)
4530 FOR ImI TO Jl:PRItT':NEXT 1
4548 RETURN
5686 REM ***
5618 REM ACID MASH
382 C9(6)inl:FOR 1=1 TO 7:CS(I)in5:j4XT I:CG(G)=1
5638 FOR 1-8 TO 1!:C8(I)m6:NEXT I
5840 FOR Is26 TO 47:(9(I)n1:NFJT 1
5045 M(44)=Inj (45).1
5850 0513155a8
58 TI-TI
5886 PRINT"."
5696 J=4 OO0JJB 17866
5168 IF T3>9 GOTO 5Su
5118 C8(6)u8:FOR 1=20 TO 47:C4(1)9G:NDCT 1
5128 FOR SR-S TO 5:OOSUB 15006:NEXT SR
5138 TLwTL-B1 (J)
5140 RETUIRN
G86 REM miMI
6816 REM MG BEFORE (BUFFER/MQ)
CA28 C8(8)w1:C8(1)ma1:FOR 1=2 TO 7:C8(1):FE(! I
6e25 FOR I-8 TO 31:CS(I)=8:NEXT I:FOR Ir-32 TO 47:CS(I)j4JjN)(r I
6e26 CS(44)1I:CS(45)1l
Can800513 15568
040 TI-TI
6058 PRIT?P
6066 Jn5: 005U3 17868
6878 IF T3>0 GOTO 6866
688 CO(8>=1:FOR Im- TO 47:CO(I)n8:tJEX I:GOSUD 1558
6698e TL=TL-BD1(J)
616 RETURN
7M6 REM Nh*
7816 REM BUFFER OR Mg
7628 CO(S)-i
7638 IF R12=1 GOTO 7868
7640 C8(1)inl:C8(2)O:REN Mg WIASH
7656 GOTO 7676
7868 Ce(1)8:CS(2)nl:REM BUFFER WASH
7675 FOR I=4 TO 31:CO(I)m6:NEXCT I
7M7 FOR I-32 TO 47:CSB(I)in1:NEXT 1
7876 CS(44)-1 :CS(45)in1
7M68006115586
7665 Ti-TI
79 J06:00513 1786
7168 IF T3>9 GOTO 769
7118 C8CI).6:CS(2)=8:FOR Im32 TO 47:CO(I)n444EX I
7126 006U3 15568
7139 TL=TL-31 (J)
7135 00613 17250
7140 RETURN-m REM 60W
3019 REM IPUT SAMPLE 6
~S 910:FOR I-i TO 12-M PRINTOSAMPLE ;
NO4 INPUT AS

- - ~ ~ I* .A *. . *. * * *2
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959 IF LEFTS(RS.1)=*Y3 GOTO 910
9060 SH(1)-O
9076 GOTO 920
9180 SH(I).l:SlmSI+l
9260 NEXT I
9210 FOR Iml TO 12
9220 AS= *:IF SM(I)-l TIEN4 R$-V*
9230 PRINTOSAMPLE #"; I;TAB( 12); AS:NET~) 1
9240 PRINTmYES OR NO"
9250 INPUT AS
9260 IF LEFT$(RS.1)=*Y THIEM RETURN
9270 GOTO 9629
19800 REM ~*
10016 REM INPUT PARAMETERS Pft&ILLY
1029 R1(1)=25:R1(2)u2:RI(3)u2
1803 MR1(4)=2:RI(5)u1 :R1(6)in2

18856 PRINT* W:PRI14T8DERULT VALLE FOR";TD(24);MIN1JTESw

1865 GOTO 1611s
1666 FOR Iml TO 6
16070 PRINTR1S(I);TRD(24);SPC(2);R1(I):1FEXT I
1666 PRINT" ":PRINTA$(A);SPC(l);A2$(Z)
1ISM PRINT" O:PRXNTOYES OR NO?.>
181as INPUT AS
1105 RETURN
1,116 IF LEFT$ (A$,1)"Na TJEN GOTO 10160
18129 PRINT" ":PRINTOSRVE PARAMET1ER TO A DISK?"
10136 INPUT AS
10148 IF LEFT$(Sl)-'YO T14EN GOSUD 13066

* 10150 RETURN
16166 FOR 1=1 TO 6
16170 PRINTR1$(I>;SPC(1);R1S(10):IHPUT A:RI(l)=R

18196 PRIHTOI DFFERWAH2M GH
1020 I NPUT A2
1628 IF A~-1 GOTO 16210:IF A2=2 GOTO 10210
1ISM GOITO 16196d
10216 GOTO 1085
11606 RIEM *0*
11016 REM LCFMING PAAEES MROM DISK
11815 Gast 11626
11616 GOTO 11070
11820 PRINTOFILE NAME:"
11936 INPUT AS
11649 PRINTODRIYE #:"
11856 INPUT ES
11960 DI$-DS

go 1160 RETURK
11WO OPEN 18BDS:..S'SQRR
1160 FOR ImI TO 6:IHPUTO1,R1(I):HEX7 I

* 11065 INPUT#1,A2:DCLOSE*1
lion PRINTM W:PRINTTR(24);wMIHUTESw
11106 GOSUP 19060:REM PRINT PARMETERS GET YES OR NO
11118 IF LEFTS(ASl)-"Ym THEN RETURN
11128 GOTO 1162

12916 REM MUFNITIONS
12ON A1S(1)nLORDING'
1263 R1S(2)=OMQ WPMN"
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12840 RIS(3)-'ACID ELUTION"
12858 R1$(4)-RACID WRISH"
126G R1$(5)w-MQ WASH BEFORE BUFFER/MQN
1286 R1$(7)-'TOTR9L TIME LEFT :0
12076 R1$(6)'DUFFERPI WRSH
12888 R1$(10)mTIME (MINUJTES)"
12096 R2S(1)m"BFFER WAISH"
12186 R2$(2)=NMQ WAISHO
12118 Rf2$(3),wFOR NEXT RUN"
12115 Rl2$4)wTIME LEFT"
12128 SN=12
12136 DIM 51(12)
12135 DIM CO(40)
12136 C1(B)-.5
12137 FOR lul TO 8:C1(I),C1(I-.1)*2:NEXT 1
12138 FOR Iml TO 8:NEXT
12140 RETURN
13886 0051. 1162:REM INPUT DRIVE# AND FILE NIl1E
13818 OPEN 1, 8, 8,DI$+*:+A$+, SEQ.WRITE"
13826 FOR l=1 TO 6:PRIHT#1RI(1):NEXT I
13836 PRINT*1R-2
13840 DCLOSEO1
1365 RETURN
1586 REM *ft
150 REM WRITE CONTROL SIGNALS TO TMWC
15828 CinSWP
15838 DB9EnI
15840 FOR IuC TO C+7:D=CO(I)*CI(E)+D: E.E1:NEXT 1
15658 OPEN 6-6,SR
15868 PRINTRE, CHR$(D)

* 15978 CLOSE 6
1588 RETURN
15566 FOR SR-i TO 5:051. 1580:NEXT SA
15518 SRABOOSUB 15806
15528 RETURN
1686 REM *P
16881 PRINTS N:PRINTDNERIZ VALVES'
16816 FOR Ise TO 47:C6(I)t:NEXT IREM DECtERGIZE VALVES
16815 TIfunPBO06
1682 GOSUR 15566
1683 RETURN
1786 REM M
17816 REM PRINT LEFT TIME
17828 T2wTI
1783 TuT2-TI
178M T3.I1 (J)S60868-T
178M SINT(T/66)

17878 93-INT(T3/68) :53.931: M~JyIT(S3/68):S4=INTCS3-66*M3>
17M8 REM PRINTS;S;OM;M; ur11.*111:PRIIT'P2;2;NS1';Sl
179 IF T3C-0 GOTO 17199

* 17166 PRINT':?7;NHO88ssmmss smonat ; 0 0; CMR$ (15)
17116 PRINT"':?;"S~nSSIm S ' 12 :;1 H$ 5
17126 31u7-J
17138 FOR I-i TO J1: PRINT""=7: NEXT I
17140 PRINT"':?
17150 005WB 17256
17168 PRINT'.?; -------- 883SN;M'',4;H$(5

*17178 FOR I-i TO J1:PRIHT'r:4EXT I
17188 RETURN
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17196 GOSU 17258
17296 Jlu7-J:FOR I-I TO JI:PRINT"'T!:HEXT 1
17218 PRINT*"?
1722 GOSUID 17256
1723 FOR lul TO J1: PRINT"M': EXT I
17240 RETURN
17258 PRINT"?p; 'SSSSSSSSISD' (1 >~
1720 RETURN
18S8 REM *f
18819 REM REMDIND STATUS
1882 OPEN 6,6,-SR
19836 GT06, A$
1IS3 CLOSE 6
18840 IF ASCHR$(8) GOTO 1887
188o R-RSC(A*)
188M 00T0 188m
18878 A-B

188M RETURN
1858 REM **0
18518 REM CONVERTS A HMPER TO INDIVIDUAFL BITS
18511 C1(e)-.5
18512 FOR 101 TO 8: C1(I inCl (1-1)*2: NEXT I
1852 FOR 1=0 TO 7
1853 J=7-1: IluJ+1
18540 D1(J)nIHT(A/CI1I1))
1855 A-lA-D1(J)*C1(I1)
1850 NEX I
10M RETURN
1969 PRINT'ZONTROL INDIVIDUAL VALVE DY KEYBOARD":PRflfr''
19610 PRINTOEN TER VALVE STATUS FROM DISK?"
1962 I NPUf A$
19M IF AS-V'* GOTI 19560
1964 FOR 1-0 TO 47:;S(I)=S:NEXT I
1985 OWU 19851:OOTO 19070
1901 GOSUD 19308
19M5 PRINTHM
199B PRINTOEI4TER VALVE # OR TYPE W-r TO EXECUTE, ZSI TO SAVE,";
19661 PRINTtU TO CONTINUE CJft4IHG, WE TO STOP"
19M PRINT* ALM TO LOAD, "( TO EXIT"
19M8 RETURN
1967 IHPLYT AS
1967 PRINT" :pRII4T".7
1M IF AW-E* GOTO 19288
19681 IF MA'S" COTO 1686
196w IF A-Xm GOTO 81
1968 IF ASOLO GOTO 19566
19094 IF AW-CO GOTO 1970
19 IF ft-6' COTO 19695
1969 RVYALMA)
19091 IF AS* GOTO 19126

* 1969 0070 19188
1905 AO9:GOTO 19118
19188 IF ACS OR R>47 GOTO 19126
19116 IF CS(R)-6 GOTO 19125
1,128 C9(A).6:Bw9:GOTO 19126
19125 C9(A)wl:Dm1
19126 PRINT'.1I IuI Izi ii11. -
19 007 19850

1928 GOSUS 1556:PRINT"T7':rGTO 1907ra
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19380 PRINT"":PRINT"16:OFF 1:0H"
193118 PRINT" a
19320 PRINT" 6- 7 u;:rOR 1=0 TO 7:PRINTC(I):.4EXT I:PR1HT""-
19330 PRINT" 8-15 ";:FOR 1=8 TO 13:FRINTCO(I);:1NEXT I:PRINT""

- 19348 PRINTu16-23 ";:FORI~ =16 TO 23:PRINTCOa(I):;:14EXT I:INT""1
19358 PRINTu24-31 u;:FOjR 1=24 TO 3i:PRzINT(I);-:EX'T I:PR'I14T"-
19368 PRINTu32-39 ";:FOR I=32 TO 39:PRINTC(I:., :l,EXT I :FRINT""
19378 PRINT"48-47 ";:FOR I=40 TO 47:PINTC0(I,:1iEX>T I:PRINT""

*19388 RETURN
1950 0081.3 11820
19518 OPEN 1,8B,8,DI$'+":"+FA$+i",SEQ,REAiDu

*19528 FOR I=B TO 47:IHPUT#1, OI):NEXT I

19531 PR INT"0" GOTO 1.9650
19608 6081.3 1108:REMb INPUT DRIVE# AND FILE NRME
19616 OPEN 1,8,8DI$+u: n+R$+"uSEQWRI7E"
1962 FOR 1=0 TO 47:PRINT*jC0(I):14EX I
19638 CLOSE 1
19640 GOTO 19531
19786 PRINT" .7r"
19785 GET PS:IF Ro$-"Qu GOJTO 1980
1.9738 R-tR+1 IF R)=48 GOTO 1986
19740 C8(R~wD: PRINTA
19758 PRINT".llzlzllxlzxr:GOSUD 19051:GOTO 19705
15988 PRINT" 1UEIz1111 rT r': GOTO 190356
21866 PRINT"M7ILL FILTER AIND TUBING TO SAMPLE BO'TTLE WITH MGi WATER"
21816 6081.1 1G6:REM DEENERGIZE VALVES AN4D RESET TIMER
21828 0081.1 1550
21838 PRINTuw:PRINT"INPUT TIME DELAY (SEC) FOR FILLING LUP"
21040 INPUTA
21045 CS(7)=l:FOR 1=32 TO 43:CS(I)1:NEXT I
21846 6051.1 15506
2180 T=TI
21860 GET A$
216 IF R$-u" GOTO 21500
21888 IF TI>T+60*F GOTO 21568
21890 GOTO 21868
21588 GOTO 88
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